The forgotten joint score-12 (FJS-12) may be an advantageous questionnaire in young patients with high hip function and a low level of pain. We investigated the reliability and the responsiveness of the FJS-12 in patients with femoroacetabular impingement undergoing hip arthroscopic treatment. Fifty patients were included in the reliability study and 34 patients were included in the responsiveness study. Test-retest reliability was assessed with intraclass correlation coefficient (ICC), standard error of measurement (SEM) and minimal detectable change (MDC). Responsiveness was assessed from testing correlations between the FJS-12 and the Copenhagen Hip and Groin Outcome Score (HAGOS) of the change score, effect size (ES) and standardized response mean (SRM). Floor and ceiling effect were defined as present if the number of patients obtaining the maximum (100) and minimum score (0) exceeded 15%. The relative reliability was high (ICC ¼ 0.9, 95% CI: 0.8-0.9) and the absolute reliability was low (SEM ¼ 11, MDC individual ¼ 32, MDC group ¼ 4.5). The responsiveness was high, and the change score was highly correlated with the subscale 'pain' from the HAGOS and moderately correlated with the subscale 'ADL'. Furthermore, the FJS-12 exceeded or equalled the HAGOS subscales in ES and SRM. Below 15% of the patients scored the maximum or minimum score. The FJS-12 has high reliability, high responsiveness to change and shows no floor or ceiling effect.
INTRODUCTION
Evaluation of outcomes in patients undergoing conservative or operative treatment of the hip has changed over the past decade. Traditionally, rating systems have focused on the clinician assessment of joint range of motion, joint stability or function [1] . Due to increased patient participation and expectations to the surgical or non-surgical treatment, patient-reported outcome (PRO) measurements have become an important instrument when the concept being measured is best known by the patient, or best measured from the patient's perspective [1, 2] . Recently, Behrend et al. developed a new joint-specific questionnaire, the forgotten joint score-12 (FJS-12) [3] . This new PRO differentiates from other PROs with emphasis on the patient's awareness and ability to forget about their joint in everyday life [3] . In general, one is not aware of a healthy joint during the usual activities of daily living, and it can therefore be regarded as 'forgotten' [4] . From a patient's perspective the question of awareness is covering a broader range of pain symptoms, from a tiny unpleasant sensation to sudden pain. No matter if the pain is experienced as a nagging, a sharp stabbing or a throbbing sensation, it will produce awareness. This suggests that joint awareness may be a more discerning measure of patient outcomes than domains traditionally captured in PROs [5] . A more discerning measure as in a more discriminating or sensitive outcome measure because it is based on a different domain 'hip joint awareness' and because it has very little ceiling effect.
The FJS-12 has been validated in patients with hip or knee joint replacements and the findings are promising [3] [4] [5] [6] [7] [8] [9] [10] [11] , but to the best of our knowledge, no assessment has yet been conducted in patients with femoroacetabular impingement syndrome (FAIS) [12] . Strong ceiling effects impair a PROs ability to differentiate between patients with good and excellent outcomes. Studies suggest that the FJS-12 differentiates effectively in highly functioning patient's groups, which matches patients with FAIS who are typically young and physically active [3, 13] .
In this study, we intended to investigate the post-operative test-retest reliability and the pre-to post-operative level of responsiveness of the FJS-12 by comparing change scores to the Copenhagen Hip and Groin Outcome Score (HAGOS) in a population of patients with FAIS assigned for hip arthroscopic treatment [14] . Furthermore, we aimed to estimate floor and ceiling effect for the FJS-12. We hypothesized that the relative reliability and the responsiveness would be high and that the FJS-12 had no floor or ceiling effect [15] . As the FJS-12 has a different approach than other PROs it should not outperform already available ones but add to patient-reported information.
MATERIALS AND METHODS

Sample size
As recommended by de Vet et al. [16] , we decided a priori to include 50 patients for the test-retest reliability study to achieve an intraclass correlation coefficient (ICC) of minimum 0.8 with 95% confidence interval (CI) at maximum 0.1. For the study of the responsiveness the same study sample was used. In the investigation we calculated the change score, the effect size (ES) and the standardized response mean (SRM), which are not dependent on sample size [17] .
Design
This study is a prospective study investigating the reliability and responsiveness of the FJS-12 in a cohort of patients with FAIS performed according to the COSMIN guidelines [18] [19] [20] . In addition, the floor and ceiling effect was investigated in accordance with the quality criteria for measurement properties by Terwee et al. [15] .
Patients
Patients were recruited consecutively from December 2014 to February 2017 from the HAFAI-cohort (patients in Horsens and Aarhus with Femoral Acetabular Impingement) consisting of patients scheduled for hip arthroscopic treatment for FAIS at Horsens Regional Hospital, Denmark [19] . This cohort is followed prospectively to evaluate the outcome of arthroscopic treatment for FAIS. Patients diagnosed with cam and/or pincer impingement aged 18-53 years and assigned for hip arthroscopic treatment by one experienced surgeon (BL), at Horsens Regional Hospital, Denmark, was eligible for participation. Patients were operated in supine position through standard antero-lateral and mid-anterior portals. After a small interportal capsulotomy was created, a diagnostic round was accomplished from both portals and the relevant pathology was addressed. Labral tears were refixated with suture anchors. The number of anchors used for the repair depended on the quality of the labrum, and the size of the tear. In patients with a grade 4 acetabular chondral defect according, microfracture was performed unless the area was larger than 2-3 cm 2 . Bony deformities, such as pincer (deformity on the acetabular rim) and/or cam deformity (deformity on the femoral neck), were addressed by osteoplasty using a motorized burr. The end-result was controlled by assessing range of movement under direct vision and under image intensifier control [21] .
Following surgery, the patients followed a standardized, homebased rehabilitation programme instructed by experienced physiotherapists [19] .
Measurements
A Danish version (Appendix 1) of the FJS-12 translated according to ISPOR (International Society for Pharmacoeconomics and Outcomes Research) guidelines was provided by the developer of the questionnaire, Dr Giesinger [22] . The translation process revealed only minor adjustments in wording according to the description of 'have your attention drawn to the joint' and 'choose the most appropriate answer for each question'. The back translated English version was approved by the developer of the questionnaire and by two of the authors (SSJ and IM). A debriefing interview was performed in 10 patients for linguistic validation of the Danish version of the FJS-12.
The FJS-12 consists of 12 questions scored from 1 to 5 (never to mostly) on a Likert scale, a high score indicating a good outcome i.e. a high degree of being able to forget about the affected hip joint in daily life. Thus, the raw score ranges from 12 to 60, a high score indicating a good outcome i.e. a high degree of being able to forget about the affected joint in daily life.
In the statistical analysis the raw score is linearly transformed to a 0-100 scale with the equation: final score ¼ 100 À ((sum(item01 to item12) À 12)/48*100).
Item selection was performed based on literature research and expert opinion choosing 20 items relevant to the average population undergoing joint arthroplasty. A pilot sample with 46 patients undergoing hip joint replacement or knee joint replacement selected 12 items from the 20 that was included in the final version of the FJS-12 [3] .
The HAGOS was developed specifically for young and middle-aged physically active people [14] . In this study, the subscales pain and ADL were chosen as a reference to estimate the level of responsiveness, as they contain questions similar to the FJS.
Data collection
The study consisted of two parts; a reliability study and a responsiveness study. To examine the reliability of a PRO, the test-retest can be calculated by the extent of agreement and reproducibility between two repeated measurements. To test the reliability, patients were asked to complete the FJS-12 6 months after hip arthroscopic surgery and again 3 weeks later. The interval was close enough to avoid genuine changes in the hip symptoms and far enough apart to avoid memory effects [17] . To ensure a high degree of stability of the hip symptoms, patients were asked to mark their current hip function level on a visual analogue scale (VAS) at both time points. A priori it was decided, that patients with a change of >20/100 points were excluded as this was regarded as a clinical relevant change in patient symptoms [23] . Sixty-three patients were sent an email with a link to the Danish version of the FJS-12 (Fig. 1) .
Responsiveness is the ability of a measure to detect change in a patient's condition over time. To investigate the level of responsiveness of the Danish version of the FJS-12, 34 patients were invited and asked to complete the FJS-12 preoperatively and again 6 months postoperatively. These 34 patients were part of the study of the test-retest reliability as well.
Ethics
Patients in the study were all enrolled in the HAFAIcohort study to which they gave informed consent in accordance with the Declaration of Helsinki before inclusion [19, 24] 
Missing data
Missing data were handled according to the scoring manual for the FJS-12 [3] . In case of missing answers, the missing values were replaced with the mean of the completed items. If more than four items were missing, the total score was treated as missing.
Test-retest reliability
Test-retest reliability is the extent to which an instrument is capable of measuring a variable with consistency [17] . In this study, the assessment was used to investigate whether patients score similarly on the FJS at two time points given that the patients' health condition remain unchanged.
The assumption of normal distribution was fulfilled, and Students' paired t-test was used to evaluate the differences between the two post-operative scores. The ICC with 95% CI was calculated using the two-way random effect model [21] . The minimal detectable change (MDC) was used to define the amount of change in the variable that must be achieved to reflect a true difference. The MDC is the minimum amount of change in a patient's score that ensures the change is not the result of measurement error. MDC was calculated based on the standard error of measurement (SEM), which reflects the reliability of the response. The greater reliability of the measurement, the smaller the MDC [17] .
The minimal detectable difference (MDC) at the individual level was calculated based on the SEM from the equation 1.96*ͱ2*SEM wherein SEM ¼ SD*ͱ (1À ICC), where SD was the pooled SD in the sample of which the ICC was determined [16, 17] . In addition, the MDC at group level was calculated by dividing the MDC individual with the square root of n. To enable comparison of absolute reliability with other studies, the SEM and MDC were given as absolute values and as percentage of the mean. Heteroscedasticity was examined in a Bland-Altman plot [25] . The mean difference of the test and retest with limits of agreement was included in the plot.
Responsiveness
The COSMIN panel recommends that responsiveness should be evaluated similarly as validity, i.e. by comparing changes on the instrument with changes on the gold standard. Since there is no gold standard in the measurement of PRO, responsiveness was determined by testing a hypothesis about expected correlations with changes, ESs and an SRM in the FJS and another questionnaire measuring the same construct. de Vet et al. stated that ES is appropriate when comparing different instruments [16] and SRM provides information on the magnitude of change in standardized units relative to variability of change [17] .
When the assumption of normal distribution was fulfilled, Pearson's correlation coefficient was calculated between change scores of the FJS-12 and the HAGOS subscales. A comparison of the ES and the SRM between the FJS-12 and the subscales HAGOS-pain and -ADL were calculated, where ES was calculated as difference of mean/ SD of the pre-operative score and the SRM was calculated as difference of mean/SD of the change score.
Floor and ceiling effect Distribution of the patients' scores (%) preoperative and at 6-month follow-up was calculated and floor and ceiling effects were defined to be present if more than 15% of the patients were reporting worst (0) or best (100) possible score. Terwee et al. [15] .
RESULTS
Data
Of the 63 patients invited to the study of test-retest reliability three did not reply, two did not want to participate and seven reported a change in hip function of more than 20 points, meaning that they had to be excluded from the test-retest reliability analysis. Furthermore, one patient had an unlikely score of 0 out of 100 in the first test and 98 out of 100 in the retest 3 weeks later. This unusual score was not found in the patient' scores of the HAGOS, and thus it was decided to exclude the patient from the analysis.
For the study of the responsiveness all patients completed both questionnaires (Fig. 1) .
For both the reliability and the responsiveness study, 3-4 reminder emails were sent if a patient did not complete the questionnaire within 3 days.
In the analysis of floor and ceiling effect, all questionnaires collected preoperative (n ¼ 34) and at 6-month follow-up (n ¼ 58) were included except for the patient with the unlikely score in the FJS-12.
Patient characteristics
The characteristics of the patients included in the study of test-retest reliability and of the responsiveness were almost identical (Table I) .
Test-retest reliability
The FJS-12 was completed at 7(6-11) months postoperative and the interval between test and retest was 24(16-49) days. There was no significant difference between mean scores from test and retest of the FJS-12 (Table II) . The test-retest assessment showed a high relatively reliability with an ICC of 0.9 for the FJS-12. The calculated SEM was 11 and the MDC was 32 indicating the measurement error on an individual level and 4.5 on a group level.
The Bland-Altman plot with 95% limits of agreement (Fig. 2) for the results of the test-retest did not show signs of heteroscedasticity.
Responsiveness
Responsiveness was evaluated by comparing the FJS-12 with the HAGOS-pain and the HAGOS-ADL from preoperative to 6 months postoperatively (Table III) . The FJS demonstrated a moderate level of responsiveness. We found a high correlation of 0.7 between change scores of the FJS-12 and the HAGOS-pain and a moderate correlation of 0.6 between the FJS-12 and the HAGOS-ADL. The ES for the FJS-12, the HAGOS-pain and HAGOS-ADL were almost the same, while the SRM for the FJS-12 had the lowest value compared with the two HAGOSscales.
Floor and ceiling effect
Since the frequency of maximum or minimum scores did not exceed 15%, there was no floor or ceiling effect of the FJS-12, the HAGOS-pain or the HAGOS-ADL.
DISCUSSION
Main findings
The FJS demonstrated high test-retest reliability. The level of responsiveness was high, and no relevant floor or ceiling effect was detected. This makes the FJS-12 very useful when evaluating the effect of FAIS.
Test-retest reliability
The ICC found in this study (ICC ¼ 0.9) was similar to the findings of the FJS in a study of Danish patients with knee joint replacement (ICC ¼ 0.9) and similar to other PROs evaluated in patients with conservative or nontreated FAIS with ICC ranging from 0.7 to 0.9 [modified The measurement error at individual level was higher than findings in a Danish study investigating the MDC of the FJS in patients undergoing total knee replacement (MDC ¼ 24) and higher than in patients with hip joint replacements (MDC ¼ 21) [7, 9] .
This high MDC value indicates a poor absolute reliability of the FJS-12 when applied in patients with FAIS. A clinical explanation of the wide dispersion of scores may be the very different levels of awareness and function among patients with FAIS during the rehabilitation period after hip arthroscopic treatment. The MDC value indicated that substantial change of more than 32 would be required to detect a change beyond measurement error at the individual level. In a clinical setting, the MDC can be regarded as the threshold to identify a statistically significant change in an individual patient and to determine whether an individual patient has made significant improvement. For research purposes the improvements after an intervention will be measured on group level rather than on the individual patient level. We suggest that the FJS-12 should be used to compare patients with FAIS on group level rather than on the individual patient level. The MDC group calculated in this study, was acceptable as differences above 4.5 indicated a true change in the present group of 50 patients.
Responsiveness
In line with our hypothesis, the responsiveness of FJS-12 was high (ES ¼ 0.6, SRM ¼ 0.5). A larger ES (3.6) and SRM (1.6) were found in patients with hip joint replacement assessed from preoperative to 1 year postoperative [4] . No other studies of the FJS-12 have investigated the ES and SRM from pre-to postoperative. However, our results of the ES were higher than findings in five other PROs [5, 27] .
It might be argued that the hip function level in patients with FAIS will continue to change after 6 months and that a 1-year follow-up could show larger change scores, ES and SRM [28] . However, a recent systematic review showed that the largest improvements in pain and ADL function happen during the first 6 months after surgery supporting our choice of a 6-month follow-up [21] .
The FJS-12 change score showed a large variation in treatment effect contributing to almost similar values of the SRM among the two questionnaires. The high ES of the FJS-12 compared with the HAGOS subscales is explained by the size of the change scores. The choice of calculating the ES (ES or SRM) has a major influence on the results and further interpretation. Because the denominator in the calculation of the SRM examines variance of change instead of variance of baseline score, Katz et al. considered the SRM approach to be more informative [29] .
Floor and ceiling effect There was no relevant floor or ceiling effect of either the FJS-12 or the HAGOS which has also been confirmed by several studies of the FJS-12 in patients with osteoarthritis of the knee, in patients with knee joint replacement and in patients with hip joint replacement [3, 6, 8, 9, 11] . Preoperatively, it is seen as a strength of the FJS-12 that no patients obtained the maximum score and a limitation that four patients obtained the minimum score.
Limitations Regarding the study of responsiveness with 34 included patients, the ES and SRM might be overestimated as smaller studies tend to show larger treatment effects, because any set of small studies will likely contain a disproportionate number of very positive (or very negative) ESs [29] . This suggests that more patients should have been included. We did not calculate a sample size but merely followed the recommendation from de Vet et al. [16] and included 50 patients for the test-retest reliability study.
In addition, a sample size of minimum 50 patients is recommended by Terwee et al. [15] .
The period for test-retest reliability seemed to be influenced by change of the hip function as there were seven patients (out of 58) with an unstable condition. This means that the test-retest reliability would possibly be higher if it had been investigated within a shorter time frame between assessments like other studies of FAIS, or later in the rehabilitation period in line with other PROs [26, 27] . We allowed a change of <20% on a VAS rating of the hip symptoms to represent a stable group. The results identified a very large MDC for interpretation on an individual level which indicates that the threshold of <20% change was too high to represent a group with stable hip symptoms.
CONCLUSION
This study shows that FJS-12, a PRO with a different approach, namely assessing awareness of the hip joint, can be used as a supplement to other PROs. The FJS-12 demonstrated high relative reliability, while the values of the MDC in individuals and in groups were relatively high in post-operative patients following hip arthroscopic treatment for FAIS. The level of responsiveness to change was high and no relevant floor or ceiling effect was detected. This suggests that the FJS-12 might be an appropriate measurement tool in research for assessing awareness of the hip joint in young and physically active groups of patients undergoing hip arthroscopic treatment for FAIS.
